Abstract
Introduction
The dissemination of small decentralised solar photovoltaic systems in developing countries has been promoted for more than four decades with various successes. Their presupposed beneficial impact has been relentlessly put forward by their promoters but for a long time without much evidence due to the small number of systems disseminated and the poor viability of solar projects at that time. It is only in the last fifteen years that the scaling up of solar systems has taken place in a limited number of countries, starting notably in Bangladesh and Kenya, with appropriate technical support and business models improving the delivery of an effective energy service.
At the beginning of the solar industry in the 1970-80s, solar photovoltaic systems were extremely expensive and were used only to power small loads in remote areas. With the decrease of PV module prices, the average size of solar home systems has kept on increasing and solar systems are now used even in on-grid areas as back-up systems. The use of systems has also diversified with the advent of mobile technologies which enable the remote managing of a very large number of small systems (while creating a demand for small load for charging phones). Combined with financial innovations, mobile technologies have also enabled greatly reducing transactions costs facilitating the access and the maintenance of a larger number of small systems. Substantial amelioration in the quality of the products and the miniaturisation of their components has also changed the solar market, with the emergence of good quality pico-products.
The off-grid solar market in developing countries has now moved from a donor-driven approach with limited choices of products (bulky solar lanterns and commonly solar home systems sized at a standard 50 Wp) to a more market-driven approach with a considerable number of private players proposing an extended range of products. The considerable decrease in the price of solar combined with technological innovations has led to a sustained growth and diversification of the off-grid solar market. Furthermore, in the last few years the perception of policy-makers has changed: solar is now a serious contender to conventional sources for large-scale electricity generation and has become part of long-term energy planning both off-grid and on-grid. When costs of solar panels (and batteries) decrease, systems can get cheaper for the same size or providers can choose to disseminate bigger systems delivering more energy services for the same price; their impact then tends to increase. Productive use of small off-grid solar nevertheless seems limited and till now is still poorly studied.
The large-scale dissemination of solar systems has recently led to the multiplication of surveys trying to evaluate their impact. Nevertheless, the majority of surveys rely on limited samples or are satisfaction surveys and as noted by Arraiz: "Evidence on solar programs is scarce: most of the literature studies the impact of rural electrification via grid connection". 3 (p. 3) This paper analyses the research conducted so far in terms of evaluating the impacts of small decentralised solar photovoltaic systems in the Global South, focusing on pico-photovoltaic systems (solar lanterns) and solar home systems for households, screening the existing documentation to present findings from quantitative surveys that rely on a substantial sample. It then concludes on what research gaps exist.
SCOPE OF THE REVIEW What Kind of Technology is considered?
Solar systems proposed in the Global South are getting more diverse. This review focuses on documentation dealing with the impact of very small or small photovoltaic (PV) solar systems, either pico-PV systems (e.g. solar lanterns) in the range of several Watts-peak (Wp) or solar home systems (SHS) that are typically -in developing countries -in the range of 10 to 90 Watts-peak, as well as larger systems (generally between 90 Wp to 250 Wp) which can be used by better off families or health centres.
This size is far below the systems of 1-2 Kilowatts-peak (kWp) which can be found powering houses in industrial countries. In the Global South, a small power supply can help charge batteries, charge mobile phones; produce quality light; power a radio / TV, or power a fan. Less commonly, SHS can be found to power a computer, a (small) fridge, or a (small) pump. Most SHS can be found in rural areas, although they can also now be found commonly in urban settlements, either as main source of power or as a backup.
The review excludes solar photovoltaic systems external to a house for productive uses such as water pumping for a farm or for a larger demand (above 1 kWp) or systems for wealthy households sometimes connected to the grid, similar to the ones found in industrialised countries. Also, it does not take into account larger decentralised solar systems generating power for micro or mini-grids, or large centralised solar farms feeding the grid. The focus on small solar systems aims to help answer the following specific question: is the impact of these small systems necessarily negligible?
What Kind of Evidence on Impact is examined?
a This review looks at the direct and indirect impact of solar systems on occupiers of households: on their education, health, finance, livelihoods and social relations. Impacts have been considered on households' inhabitants and their directly related economic activities (small retail businesses, small holdings). It includes documentation evaluating ex-post any benefits but also disadvantages brought by solar systems, relying either on quantitative or qualitative surveys. It does not include evaluation ex-ante (like modelling of impact), internal evaluation of projects, evaluations relying on simple discretionary observations, satisfaction surveys and general impact surveys on the environment. It focuses on ex-post measurable impacts of solar systems once they have been implemented.
The review focuses on documents where the main purpose is an attempt to measure the impact of small solar systems, either as the main objective of a survey/research or as part of a wider survey/research. Documents where impact is just mentioned, without providing any specific quantitative or qualitative assessment have not been included. Documents have been collected through academic electronic databases, archives and the repository of institutions intervening in the field of energy access, using keywords and cross-checking bibliographical references of documents found.
A first screening has enabled us to find 98 documents which have been analysed; among these 98 documents, a second screening has led to focus on 30 substantial surveys with quantitative evidence relying on relatively large samples: the criteria for selection and the main findings from these quantitative surveys can be found in the tables in this paper (while the complete list of 98 documents from the first screening can be found in appendix 1).
Limitations of the Review
This review aims to be fairly comprehensive on the largest quantitative surveys but is not a representative sample of qualitative impact surveys. This is because a number of small surveys with fewer interviews can be included in papers dealing with the use of photovoltaic systems in general. Conducted on-line, it deals with documentation in English and French , but no documentation on impact specifically in French has been found. The review leaves aside any documentation which may 1) exist only in other languages or 2) only through hard copies like Master or PhD dissertations in institutions without repositories or confidential consultant reports. The review includes papers publicly released till July 2017.
Preliminary Findings
As shown in Figure 1 , sources have included academic papers from scientific journals, working papers, student dissertations and reports. The majority of documents are peer-reviewed academic papers followed by reports notably from consultants and non-governmental organisations (NGOs). 
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As shown in Figure 2 , there has been a notable increase in the number of surveys undertaken during recent years, linked to the expansion of the off-grid solar market. As solar systems are becoming more mainstream, the increase in the number of surveys reflects an increase in the interest on the impacts of this technology by funders and private stakeholders. As shown in Figure 3 , the majority of surveys found for this review have been conducted in African countries, mainly in Eastern African countries (22%), and in Asian countries, notably in Bangladesh (20%). These countries are the ones where the markets for photovoltaic systems have matured for a number of years and are well-studied. This graph relates to the documentation that can be found in English electronic databases. Some regions may be under-represented due to specific conditions of publications (e.g. like China or Latin America). As shown in Figure 4 , the majority of the documents analysed are on solar home systems and to a less extent on solar portable lanterns. Very few documents combine the analyses of both types of systems or of SHS with mini-grids. 
Figure 4. Type of systems in the 98 documents analysed
Two of the categories investigated were found to have a larger amount of quantitative evidence: of cost savings, notably due to kerosene substitution, and of the positive impact of solar lighting on the education of children (see Figure 5 ).
Few documents providing quantitative evidence of the beneficial health impact of the replacement of kerosene lamps have been found. Other sub-topics where evidence was found, although more limited were in gender and social relations, and better communication and information which favour social inclusion. Some aspects of livelihood and income generation are documented: solar systems seem to have an only limited impact on income generation linked to the extension of working hours for home businesses.
Although solar systems can now also be found in urban settlements, either as main source of power or as a backup, all surveys deal mainly with solar systems in rural areas, including rural town centres. The following sections include quotations providing quantitative assessment from QT1, i.e. relying on robust primary research, except when otherwise stated. Non-conclusive studies, studies with reduced samples (QT2) (weighted related to the kinds of outcomes), or only qualitative assessment based only on perceptions of interviewees (QL), or secondary research/literature reviews (LR), can be found in the references and bibliography list.
IMPACT OF SOLAR It all starts with Lighting…
The main use of solar home systems is for lighting. Quality of light can have multiple indirect impacts notably on health (e.g. better medical care during a night emergency), education (e.g. studying at night), increased income (e.g. work at night) and safety (e.g. reduced crime).
Cost Savings Linked to the Substitution to Other Sources of Energy
The main advantage of solar lighting using a solar lantern is its reduced cost for end-users, with service delivery measured in lumen/US$. This can be 5 to 10 times higher than with a kerosene lamp. Capital costs are higher but the payback period compared to the use of a kerosene hurricane lamp can only be a few months.
Measuring the savings linked to the implementation of SHS is more complex. Like solar lanterns, their costs can be compared to the use of traditional sources of energy for lighting, like candles or kerosene lamps. They can also be compared with the use of small dry cell batteries or car batteries for lighting, phone charging or powering a radio or TV.
In any case, the acquisition of solar lanterns tends to always go with a drastic diminution of the use of "traditional" or conventional sources of electricity like candles, kerosene and disposable dry cell batteries (although fuelwood and non-fuelwood biomass which is used for cooking remain stable) and can enable households to make significant savings for lighting, which can be re-invested, for example, in food and books for children. Out of the sample of 30 documents (QT1), 16 conclude to a reduction of kerosene and other lighting expenditure. The decrease of kerosene expenditure has been estimated between 85% and 75% in four surveys Chamania, 2015; Kudo, 2015; Samad Hussain, 2013) , and cost of lighting reduced by two to three in three surveys (Buragohain, 2012; D.Light, 2015; ) (see Figure 6 ).
However, monthly energy expenditures linked to SHS can also substantially increase through the usage of new electric devices, as most households will not use SHS just for lighting, 7 which can then have adverse effects on other expenses (e.g. reversing to the collection of "free" fuelwood e ). Numerous surveys have managed to measure the impact of solar products in terms of fuel savings. Table 2 presents some significant findings of large quantitative surveys. "…a smaller proportion of households with solar panels bought candles (76 percent less) and batteries for lighting (7.3 percent less) than those without solar panels. They also spent less money on candles (7.1 soles) and batteries for lighting (3.0 soles). While these savings seem small, they are enough to cover the fee that households pay to use solar panels-10 soles [around 3. "Assuming that a household uses the lamp for four hours per day, the Pico-PV lamp pays off after 10 months if the LED hurricane lamp is replaced and after less than 5 months if it replaces a kerosene driven lamp". "The table shows that all of the SHS households used kerosene before installing SHS. Around half of SHS households stopped using kerosene lamps after purchasing SHS, and kerosene consumption by current kerosene users has dramatically decreased". "...of 304 SHS households in the sample, 149 households possessed rechargeable batteries before the installation of SHS. However, only five households retained these batteries after SHS installation". Solar lights (when they are in sufficient number 51 (p. 4025) and can be located even outside kitchens or power security lights 97 (p. 37) ) can almost be a complete substitute to kerosene lamps, candles and batteries, as they are less expensive, less polluting, less dangerous and provide far better lighting; their adoption by households seems quite straightforward in a few weeks.
(p. 1091)

Differentiated Impact According to the Size of the Systems
Solar lanterns vs Solar Home Systems
There are not many surveys on the differentiated impact between solar lanterns and SHS or between different sizes of systems. 
Small Solar Home Systems vs large Solar Home Systems
Large SHS have a greater impact than small SHS. Nevertheless, it seems that a small system could provide "much of the development impact of the larger system" 13 (p. 708) and therefore could be better value for money than large-scale SHS. 
Solar Home Systems as an Alternative or Complement to the (Mini)-Grid
The cost of SHS compared to the cost to grid connection for end-users will depend on the regulation and policies of the country, while the cost structure for solar systems can vary greatly according to the financial scheme in place to support the dissemination of solar home systems. As such, it is difficult to compare the acquisition cost of a solar system for end-users to a connection cost to the grid, as both are fixed according to political priorities and geographical constraints and can vary from region to region. However, benefits of SHS (see notably Tables 4 and 7 ) are in line with benefits of on-grid connection. A growing number of recent impact surveys underline the use of solar systems as a back-up to an unreliable grid; which means that solar systems are considered by end-users not as an alternative, but as a complement to the grid. 38 Not many comparisons seem to have yet been drawn between the impact of solar home systems and minigrids, although some technical-economic comparisons exist.
f
Use of Time, Livelihoods and Income Generation
Solar light provides better quality light which helps to give more flexibility in terms of activity allocation during the day and the night. Surveys have tried to evaluate the impact of SHS on domestic tasks and economic activities generating income (see Table 4 ). The impact of SHS can be positive but -due to the small size of the PV systems -limited to the increase in the number of hours of work for small businesses, except notably for fishermen who could make intensive use of solar light for fishing at night. 
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Gender, Social Inclusion and Empowerment
As shown in Table 5 , solar systems have an impact on social relations sometimes differentiated by gender, as they allow women to do some domestic tasks like cooking better when there is quality light. Access to TV and the increased possibility of using a mobile phone (without having to charge it outside) are important benefits of installing SHS (see Table 6 ). "After sunset, the occurrence of social gatherings seemed to be highly influenced by the availability of electric lights and television sets. Figure 36 reveals that most SHS households stated to frequently host social gatherings in the evening, as neighbours were attracted by good lighting and TV facilities. In contrast, households not having solar electricity were more seldom receiving visitors in the evening hours". Blunck, 2017, p. 102.
NB: part of the survey which is qualitative survey QP1 Bangladesh (SHS) "…the number of SHS households that obtained a TV increased, with more than 75% of SHS households now having a TV. In contrast, only 13.3% (41 of 308) of non-SHS households have a TV". "Moreover, 68% of households said neighbours frequently came to their home, indicating that the benefits of TV expanded to households without TV". Komatsu, 2011, p. 4027.
Bangladesh (SHS)
"The use of SHS also has an impact on access to information in general, particularly through TV in cases where people did not have a TV before. 62% of the households found that their access to relevant information has improved due to the SHS".
Kürschner, 2009, p. 32.
NB:
Qualitative survey QP1
Social network effects may reduce the gap between households that have a SHS and the one that do not. The impact on rural-urban migration seems to be marginal.
(p. 104); 102 (p. 12)
Education
Surveys have tried to estimate the impact of solar products on the education of children. Surveys collected tackling the impact on education -except one surveying the impact of (apparently low quality) solar lanterns 26 with increased study time of 30 minutes but lower academic results -tend to conclude to a small positive impact of the use of SHS in terms of extended number of minutes of studying per day and sometimes better academic results (see Table 7 ). The use of SHS at home enables children to study after dusk in better conditions compared with the use of kerosene lamps, either at home where children congregate in houses with solar home systems 13 (p. 702); 94 or at schools equipped with SHS which can even offer night classes. 34 (p. 1298) SHS installed in schools and accommodations of teachers could also help to attract better motivated teachers which will have a positive impact on the education of children. The small increase of time for studying is not automatic, as there can be competitive uses of solar lanterns -and even more so for SHS which can be used for instance to watch TV (although some TV programs can also have a positive impact on education 11, (p. 99-100) ) and children do not always have priority access. 94 Furthermore, the increase of studying time during the night can go with a decrease of daytime studying.
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Figure 7. Extra-time of studying (in minutes per day)
The increase in minutes per day when it occurs seems to be marginal, but is actually comparable with the increase found in some studies on the impact of grid electrification. h Nevertheless "… the main impact in
this [rural] context is the improved quality of lighting […] instead of a change in the quantity of studying."
(p. 31)
There also seems to be a slight increase in terms of enrolment and years of schooling (see Table 6 ). However, as noted by Furukawa, "providing higher incentives [like scholarships] is generally more effective than providing better study environments in improving children's learning outcomes". 26 (p. 6) Disseminating solar lanterns can only make a small contribution to better education.
As noted by Samad Hussain in Bangladesh "... higher education of either adult males or females means both a higher probability of adoption and the adoption of a larger-capacity SHS". 92 (p. 22) Children with solar systems may often benefit from an already more favourable socio-economic background, the solar system being just a part of a broader strategy from educated and supportive parents of giving a better education to their children.
Health
Burns linked to overturned kerosene lamps are a major issue in developing countries. However, few surveys have found significant evidence of an impact on health and some quantitative surveys find no impact due to the small incidence of respiratory diseases. It is when SHS powers a TV that a statistically significant impact on health can be found, linked to access to awareness campaigns (Table 8) . "… We, however, cannot detect a difference in the incidence of respiratory diseases between the groups or in the incidence or number of burn accidents; the proportion of people reporting being affected by respiratory diseases or burn accidents was less than 1 percent in both groups".
Arraiz, 2015, p. 18.
Bangladesh (SHS)
"…the SHS that has the capacity to run a black and white TV and that actually the use of one may help reduce such incidence [of disease] as various TV programs indirectly and a few commercials directly inculcate the prevention procedures of a few endemic diseases". "The incidence of several types of preventable illness such as general ailment, respiratory diseases, and GI [Gastro-Intestinal] illness was lower among the members of the households that purchased a SHS".
But "the adopters [of SHS] are economically and socially somewhat better off than non-adopters. Hence the situation regarding disease prevalence may also arise due to the better Asaduzzaman, 2013, p. 65 & 73.
Version accepted with minor revisions -UCL internal dissemination -not to be quoted
Country surveyed
Significant findings Sources economic situation and greater awareness due to higher levels of education". Bangladesh (SHS) "There is no consistent pattern in the incidence of diseases among women and children by SHS adoption, and differences between adopter and non-adopter households are not statistically significant".
"While recent fertility in SHS households is higher than in non-SHS households, the difference between the two groups is not statistically significant, much like the descriptive statistics".
"The results show that SHS adoption alone does not improve health outcomes of women and children and fertility outcomes of women; however, in conjunction `with TV ownership, it does matter to those outcomes".
Khandker, 2014, p. 50-51.
Ghana (SHS)
"The study results indicated that solar PV lighting is likely to reduce the proportion of household members being affected by indoor smoke from kerosene lanterns by 50 %. Furthermore, solar PV lighting is likely to reduce the proportion of household members who get blackened nostrils from soot associated with kerosene lanterns by nearly a third". Research has also been conducted on the possible negative health impact on children of the use of vented lead acid batteries for SHS. These kinds of solar lead batteries -located inside houses -could contaminate their immediate environment and could expose young children to lead poisoning with blood lead level higher in children who live in the houses with batteries than those who do not. 99 Tampering with solar systems could also cause fires linked to short cuts. 84 Solar lighting and solar powered fridges for vaccines are also important for health centres and further contribute to maintaining qualified staff in rural clinics.
60; 39; 80
LIMITATIONS AND GAPS OF RESEARCH
In conclusion, while there has been work done on the impact of SHS, there has been insufficient documentation to draw definitive conclusions on the impact of SHS in specific areas. Qualitative assessments tend to have increased but there are only a few substantial quantitative surveys. There are nevertheless: 1) strong evidence of cost savings when kerosene lamps are replaced by solar lighting and 2) large quantitative surveys on the impact of solar lighting on the education of children.
Out of the 30 documents selected after the second screening, most surveys can only measure the shortterm impact of solar systems on directly visible indicators (e.g. time studying, black nostrils), and cannot measure their long-term impact. This is because of the short duration of the study and/or the reduced sample and/or the lack of rigorous methodology to separate the long-term impact of solar systems on better education or health (for instance, from other causes like the initial education of household heads or their income). The difficulty in building large cohorts over a long period is a clear limitation.
j Based on the publications found in this survey, if a small positive impact on education seems to have been demonstrated, the health impact of SHS is currently lacking in evidence to date. Gaps in the literature seems to include the lack of substantial quantitative research: 1) to provide evidence on improved health linked to access to awareness campaigns permitted by TV and radio powered by solar, 2) on better access to vaccines with solar fridges, and 3) on the reduction of burns and poisoning cases linked to the replacement of traditional lighting with solar lighting.
Overall, the quantification of the impact of access to electricity on social relations within communities seems to also be an under-researched field, notably on the social dynamics around the introduction of solar systems in a community and the potential increase of inequalities between owners of solar home systems and those who are left in the dark. Most surveys mention the importance of gender and found quantitative evidence of differentiated gender impacts in terms of time use. Communication and information impact are mentioned but not really quantified yet, apart from in terms of satisfaction or better access to media.
The implications in terms of the impact of the irruption of new market trends like synergies with mobile phones or the decrease of cost of solar panels, seems to not be well documented yet. For instance, no substantial research seems to have been conducted on income generation linked to access to SHS of over 90 Wp which can now be more often found in some countries due to the decrease in the cost of solar panels. There is little documentation dealing with the differentiated impact of solar according to the sizing of the systems, but as the range of solar products on the market gets broader, this area will probably be the subject of more surveys: as the price of solar goes down, does it make sense for donors and state agencies to support programs which propose solar home systems of small size at a cheaper price to reach a higher number of people, or to take the opportunity of the reduction of the cost of solar cells to increase the size of solar systems.
Differentiated impact linked to the delivery mechanisms of solar systems could also be analysed: some organised delivery models where technicians regularly visit properly installed systems cannot only guarantee a better functioning of the solar systems, but could also help to manage expectations of users; end-users in regular contact with technicians could better understand how to use their system compared to spontaneous solutions where they buy their systems over the counter. In the sample of 30 documents based on large quantitative surveys, almost all surveys on SHS deal with SHS disseminated through some kind of organised delivery models (e.g. micro-credit scheme, fee-for service scheme) and/or subsidised by the government, but actually -in a growing number of countries -SHS can be bought over the counter. Almost all documents surveying the impact of solar lanterns actually deal with solar lanterns donated for the purpose of the research (by the research project or by a solar company). Once again, the experience of end-users who purchase themselves their solar lanterns may differ.
Actually, most impact studies tend to focus on the technology and forget to describe operations on the ground and to take into consideration the social interactions between end-users of solar systems and installers (and also with non-users). The way the product is introduced to end-users and scaled-up has an influence on the long-term sustainability of the off-grid market in an area/country. The accumulation of counter-references notably linked to the dissemination of sub-standard products can modify the perception of solar systems and therefore their impact. If existing research is already sufficient in demonstrating that very large-scale dissemination of solar systems in the Global South can potentially make a contribution to the improvement of the well-being of its inhabitants, research is needed on the evolution of the behaviour of solar system users at different stages of the development of the off-grid market, and how to maximise the impact of solar systems once they are installed.
Furthermore, there has been little research conducted to date on the negative impact of solar home systems linked to the presence of lead batteries in households and on the lack of recycling capacity in developing countries. The scale of the environmental impact linked to the use and disposal of batteries seems unknown. The multiplication of imports of sub-standard quality products with reduced life-cycle could be detrimental in countries with no recycling policies.
Gaps can also be found in research on the SHS value chain, and the potentialities in terms of job creation at a local level have only just started to be researched. This is because researchers tend to produce globally projected models of job creation per number of SHS, and do not survey local creation of jobs by solar companies and retailers; parts replacement and recycling of solar systems (notably batteries) could be matters of substantial research in the future.
Conclusion
It has been commonly accepted in the arena of aid for development that solar photovoltaics -due to the high cost of solar panels -could only fulfil small electricity needs, mainly in remote places, and could not be a substitute for grid connection; therefore it was assumed that solar had limited impact, or that its impact could not be measurable. This review which deals with documents produced from 1999 to July 2017 shows the contrary; it captures partly the evolution of the solar industry which -as costs of solar photovoltaics are decreasing steadily -tends to provide a more diversified range of products from pico-photovoltaic systems (e.g. solar lanterns) to solar home systems of different sizes.
The multiplication of very small pico-photovoltaic systems like solar lanterns has an impact. Solar lanterns contribute to substantial financial savings and reduce the time spent in solving energy supply issues for lighting. They provide better lighting than petroleum lanterns, which improves studying conditions for children in schools and at home. Better lighting also helps women (and men) to do more activities at home. Studies conclude significant changes in uses of time, notably between daytime activities and night time activities, with an increase of time spent inside the house and with a differentiated impact on children, women (who spend more time in households) and men. Solar light gives members of households more flexibility to allocate time for activities during the night.
Solar home systems' impact is more complex to apprehend as -on top of the impact of better lightingthey can for instance power a radio and a TV which provide entertainment, but also access to information, and therefore have an impact on education and health. However, energy expenditures of households with solar home systems, even though solar home systems help to reduce costs linked to the use of traditional fuels for lighting, can be substantially higher than those for households without a solar home system; even if financial schemes with subsidies can try to mitigate this, solar home systems are often found among the wealthiest and most educated households. As solar systems become more widespread, research on the impacts of solar tends to multiply. There are nevertheless no quantitative surveys conducted on long-term impacts of solar systems due to a clear limitation of the current research framework when it comes to epidemiological surveys. Furthermore, surveys conducted on the impact of solar are often on small samples of less than one hundred systems. More quantitative research conducted on large samples of households is needed. Future research could notably be conducted on large cohorts of pupils to confirm the presumed long-term positive impact of solar on children's education. In the same manner, the impact of solar lanterns and solar home systems is likely to be positive on the reduction of burns and fire hazards by replacing petroleum lanterns. However, to confirm the impact on health from this aspect, and also the impact linked to better internal air quality, would require research on a large sample over a sufficient duration.
To conclude, the impact of solar lanterns and of solar home systems is high in terms of quality of light, change of use of time, and on cost savings on candles, dry cell batteries and kerosene. Additionally, for some households, solar systems help a little to increase income. Solar systems lead to better conditions for studying (but demonstrated quantified impact of improved lighting remains minor on grade completed) and (even if the impact is not yet quantified) is likely to have an impact on health improvement (better air quality, reduction of burns, awareness campaign); the impact could be high in terms of social relations and communication, with a greater impact on women, more noticeably through better access to radio and TV programs and a sense of increased safety at night.
For the benefits of solar systems or products that have been proven by the surveys that have been reviewed, there are obvious limitations. First, the question of impact could also be formulated in terms of value for money for funders and policy-makers: few surveys have tried yet to compare the respective added value of solar lanterns, solar home systems, micro and mini-grids and connection to the grid to help policy-makers elaborate their strategies of electrification. Shall funders continue to favour the massive scale dissemination of solar portable lamps as a first step of electrification to reach the maximum number of people, or shall they put their efforts on solar home systems with bigger impact or productive use of solar with mini-grids? Comparisons with other sources of energization are also missing.
Second, most surveys focus on the direct short-term individual impact of small individual solar systems without being able to evaluate the long-term influence of solar in a community. Notably, the social dynamic that solar can lead to -by introducing a technology -does not just partly replace old ones, or reduce cost and time allocated to get a particular energy services, but can lead to a series of unexpected positive or negative changes. For instance, little research seems to have been conducted on the social impact of solar, for example on the increased inequalities between those who can afford solar systems and those who cannot, or in terms of technology literacy between those who understand the technology and those who, even equipped, cannot properly manage their system. This is because current researchespecially that funded by solar companies -tends to implicitly accept the idea that individual systems mainly have an impact at an individual level.
Lastly, and as a result of the second point, the ethical aspect linked to solar seems evacuated from existing research, which considers the current energy transition as necessarily desirable. 84, (p. 43) . Actually, the whole structure of spending can be altered with access to electricity, with more spending on education, communication and less on food (but this is partly linked to the fact that household without solar are poorer); nevertheless existing quantitative surveys on solar tend to focus on savings on traditional fuels or do not dissociate impact of solar from other causes. Otherwise there is no quantification of effective impact on reducing crime or reducing animal attacks; surveys collect only anecdotal evidence or try to quantify perception of safety (sense of safety which can be as important for well-being and improved social relations as objective data). . j Furthermore, households with SHS tend to be wealthier than the ones without SHS as noted by Komatsu S, Kaneko S, Shrestha R, Ghosh P. Non-income factors behind the purchase decisions of solar home systems in rural Bangladesh. Energy for Sustainable Development, 2011, 15, p. 286 or Bensch. 7 Household heads may also be more educated; 7 notably bigger SHS are more likely to be found in households where at least one female member has primary education as noted by Asaduszaman. 4 (p. 59) This has an initial impact on the education of children and on health which needs to be isolated from the one specific to SHS.
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